A method for determination of 226 
Introduction
Radium is commonly measured using a various analytical procedures and equipments. The most common methods for determining radium isotopes are alpha spectrometry [1, 2] , gamma spectrometry [3] [4] [5] , Cerenkov counting [6] and liquid scintillation counting [7] [8] [9] [10] [11] [12] [13] [14] . Alpha spectrometry is the most sensitive technique and allows simultaneous measurement of α-emitting radium isotopes but it is difficult to isolate the radium from other alkaline earth metals [15] [16] [17] . Meanwhile γ-emission is relatively low due to low counting sensitively and liable to interference from 235 U [17] [18] [19] . But the liquid scintillation counting (LSC) provides detection efficiency up to 100% for unquenched samples and intrinsically high background count rate compared with other counting methods [20] .
The radionuclides of 226 Ra and 228 Ra can be measured in environmental samples using a range of techniques with offers a number of advantages such as time saving and simplicity [21] . Through LSC methods also, radium in mineral waters [22] , contaminated rivers [8] and phosphogypsum samples [23] can be measured. The aim of the study is to develop a simple method for determination of 226 Ra and 228 Ra in environmental samples using the α-β coincidence LSC. The present method is applied to some environmental samples and certified reference material prepared by International Atomic Energy Agency (IAEA) for procedure validation. 226 Ra and 228 Ra in natural samples was tested in the following IAEA reference materials: IAEA 300 (Radionuclides in Baltic Sea sediment) and IAEA-315 (Radionuclides in marine sediment). Then, this procedure with minor modification was used to determine activity concentration of 226 Ra and 228 Ra in seawater and fish samples collected at Kapar coastal area which located at Straits of Malacca, Malaysia (Figure 1). 
Chemicals and Reagents
The cation exchanger Bio-Rad AG 50 W-X4 resin with size 200 -400 mesh and H + form was used to purify 226 Ra and 228 Ra from other radionuclide interferences. All reagents of analytical grade were used unless otherwise stated. High quality of instagel ® XF and Ultimate™ Gold AB supplied by Perkin Elmer also was used.
Instrumentation
A Perkin Elmer-Wallac 1414 α-β coincidence Liquid Scintillation Analyzer connected to compatible personal computer was used. High quality and performance of 20 mL glass vials were used in this study.
Analytical Procedure

Solid Sample (Reference Materials and Fish
Flesh) All the solid samples were dried in an oven at 60˚C until a constant weight prior to further analysis. Briefly, about 0.5 g solid sample was weighed and 25 mg/ml of Ba 2+ carrier was added in the sample. Then, the samples were digested with 10 ml of each HNO 3 , HClO 4 , HF concentrated acid and a few drops of H 2 O 2 on hot plate until dryness. After digestion, samples were added with 5 mL of concentrated HNO 3 and a few drops of H 2 O 2 , then dried on hot plate. The sample residue containing radium isotopes was re-dissolved with 20 ml of 1% HClO 4 and kept warm on hot plate for 1 hour -2 hours prior to pass through the column.
Solution Sample (Seawater)
About 12 L of seawater samples were collected using Van Dorn water sampler and the in-situ parameters such as salinity, conductivity, pH, DO were also measured using the calibrated portable meter (Model: YSI-SCT 6810). After that, seawater samples were filtered, transferred into bucket and acidified with concentrated HNO 3 to pH 2. Then, 1 ml of barium and ferum carrier solutions (25 mg/ml) and 10 g of Na 2 CO 3 were added into the seawater samples. The samples were stirred vigorously after added 20 ml of ammonia solution to reach pH 10. Then, the samples were put aside for overnight to settle down the precipitate that appeared after a few minutes added with ammonia solution. The liquid was then poured out and discarded. Meanwhile, the precipitate was siphoned out into cleaned beaker. The precipitate with the rest of liquid was centrifuged for 10 minutes at 2500 rpm to separate both phase. The precipitate containing radium isotopes was re-dissolved with 20 ml of 1% HClO 4 and kept warm on hot plate for 1 hour -2 hours prior to pass through the column. 
Radiochemical Separation Using Cation Exchange Resin
The above warmed solution samples were passed through into the cation exchange column resin (35 ml of Bio-Rad AG 50 W-X4; 200 -400 mesh; H + form) under warm condition at 70˚C which pre-conditioned with 1% HClO 4 prior to use. Then, all solution were collected in beaker and discarded. In the first stage, about 200 ml of 1 M HCl were added into the column; the aqueous solutions were collected into new beaker and kept it at safe place for lead, uranium and others radionuclide analysis purposes. During second stage, the column were added with 200 ml of 2 M HCl and aqueous solution which contained radium isotopes were collected into cleaned beaker.
The aqueous samples were evaporated nearly dryness and kept cool for a while. About 20 ml of 0.5 M HCl and 1 ml of concentrated H 2 SO 4 were continue added into the residue for making white precipitate of Ba(Ra)SO 4 . The precipitates were then filtered using 25 mm diameter of 0.45 µm pore size Millipore filter paper, dried and weighed for calculating chemical yield. The dried precipitates together with the filter paper were then transferred into a 20 ml glass vial followed by adding 8 ml of distilled water, 4 ml of Instagel ® XF and 8 ml of Ultimate™ Gold AB. After well mixing using ultrasonic cleaner, the vials were stored for over 21 days to allow the growth of the progeny nuclides [9, 10, 12] . Finally the vials were counting using the α-β coincidence liquid scintillation counter (LSC) for one hour. The flowchart of detail analytical procedure for separation of radium is illustrated in Figure 2 . 
Preparation of Blank and Standard Solution
A 8 ml of distilled water, 4 ml of Instagel ® XF and 8 ml of Ultimate™ Gold AB were mixed into the vial and were measured using α-β coincidence liquid scintillation counter for one hour as a blank sample. Meanwhile, 1 ml of the standard solution of 226 Ra (20 dpm/ml) was prepared then followed the same procedure as for blank sample.
Calculation of Activity Concentration for Radium
It is a simple method based on the α-counting of precipitate containing radium, generally Ba(Ra)SO 4 . For determining 226 Ra in environmental samples, it would be better to count the samples after one month of growth for secular equilibrium in half life. Using the α-rays by LSC the measurement of 226 Ra activity can be calculated as Equa- Rn (day) and t is the time start from purification of Ba(Ra) until counting (day).
Results and Discussion
Activity concentrations of 226 Ra and 228 Ra in certified reference materials and seawater were measured simultaneously by LSC after standing more than 21 days to reach the secular equilibrium between parents and its daughters. However, the whole procedure for the separation of radium started from sample preparation to column design taken 1 to 3 days. The reported uncertainty for individual analysis is 1σ, derived from uncertainties associated of some parameters such as the counting and weight statistics of the sample, blank, standard solution etc. The analytical results of those activity concentrations with uncertainties and the radiochemical yield are listed in Tables 1-2. 
Quality Control
The use of certified reference materials containing the radionuclide at known concentration and composition is one of the most appropriate tests to validate methods and the performance of the analysts. For this purpose, it is desirable to have included a certified reference material that matches the sample as closely as possible with respect to its matrix and the concentrations of the constituents of interest to demonstrate the reproducibility and/or accuracy of the method. Unfortunately, however, the certified reference material as mineral and environmental water is not available, and so the IAEA-300 (Radionuclides in Baltic Sea sediment) and IAEA-315 (Radionuclides in marine sediment) reference materials supplied by the IAEA have to be selected to check statisticcally whether the method is sufficiently precise and unbiased [25] .
In Although, those values obtained were not in the range of the recommended certify value at 95% confidence interval, but their recoveries were over 80% and chemical yields were 59% and 96% for IAEA-300 and IAEA-315, respectively. Additionally, these results showed that the chemical yield of radium was not significantly influence the accuracy of radium determination in the IAEA reference materials.
The precision and accuracy were evaluated by the term of relative standard deviations and relative error, respectively [25] . The relative standard deviation is also widely used in analytical chemistry to express the repeatability of an assay, where it is derived from the ratio of standard deviation and mean value of radium concentration. Meanwhile, the relative error is the difference between the experimental means and recommended values of radium concentrations. Refer to the statistical analyses given in Table 1 confirmed that the relative standard deviation Ra. These variations RSD and RE might be due to large quantity of other radionuclide interferences in the samples which probably contributed to the lower chemical yield of radium, especially in IAEA-300. In this case also related to the lower activity levels of 226 Ra and 228 Ra in environmental samples which difficult to measure. For this reason, there has been much interest in development of improved methods for its determination in variety types of samples. Generally, the determination of 226 Ra and 228 Ra is performed by α-rays and β-rays, respectively [26] . On the other hand, the proper design of the column, column dimensions, the quantity of exchange resin and working condition also necessary to be taken account as high a chemical yield of radium as possible.
Application to Seawater and Fish Flesh Sample
An achievable lower limit of detection is mainly depending on background of the counter used for meas- (Figure 3) .
The activities of radium isotopes in seawater are almost similar especially in west Peninsular Malaysia and however, found to be relatively low level than other seawater sampled elsewhere in the Malacca Straits and world oceans are listed in Table 2 . This means that the activity of radium with LSC was successful using cation exchange column in developing method. 
Conclusions
A radiochemical procedure was developed for the determination of Ra-isotopes in marine samples. Liquid scintillation counting combined with this procedure allows more rapids determination and much simply step to isolate radium isotope from an interference of other radionuclides. The present method found to be successfully and useful applied for the determination of radium isotopes in solid and liquid sample, and it could be applied to any matrix with appropriate modification. This procedure can preferentially be used for determination of very low level 226 Ra and 228 Ra in marine samples.
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